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(57) ABSTRACT

A complementary wideband antenna includes a planar dipole
formed of two dipole sections and a shorted patch antenna

located between the dipole sections, the dipole sections being
spaced above a ground plane. A variety of different feed probe
designs can be used to excite the antenna. The complementary
wideband antenna has electrical characteristics including low
back radiation, low cross polarization, a symmetrical radia-
tion pattern, and 1s stable 1n gain and radiation pattern shape
over the frequency bandwidth.
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1
COMPLEMENTARY WIDEBAND ANTENNA

FIELD OF THE INVENTION

This invention relates to a wideband antenna, and 1n par- 53
ticular to a complementary wideband antenna comprising a
planar dipole and a shorted patch antenna.

BACKGROUND INFORMATION
10

The success of second generation (2G) mobile phones has
motivated and enhanced the development of a wide range of
wireless technologies, including for example 3G wvideo
phones, WiF1, WIMAX, ZigBee and Bluetooth. For cost
elfectiveness and space utilization wideband antennas that 15
can accommodate several different communication systems
are m high demand. In particular, antennas with unidirec-
tional radiation patterns of various beam widths are of interest
as they may be mounted on walls or vehicles without degrad-
ing their electrical characteristics and without affecting the »g
aesthetics of the mounting bodies.

There are a number of techniques available for implement-
ing wideband antennas with a unidirectional radiation pat-
tern. The first approach 1s to put a dipole 1n front of a finite
ground plane. However, since the size of the ground planeand 35
the distance between the ground plane 1n terms of wavelength
are Irequency dependent, the antenna the disadvantages of
large variations in gain and beam width over the operating
band, different beam widths in the E and H planes, and strong,
radiation 1n the back side. 30

The second approach 1s through the use of patch antennas.
The basic structure of a patch antenna 1s low 1n profile and has
a unidirectional beam pattern, but 1s narrow in bandwidth.
Several designs are now available to increase the bandwidth
of patch antennas, such as U.S. Pat. No. 6,593,887 which 35
describes a patch antenna with an L-shaped probe feed that 1s
simple 1n structure and very wide 1n bandwidth. However, this
class of patch antennas has the drawbacks of high cross-
polarization, large variations 1n gain and beam width over the
operating band, different beam widths in the E and H planes, 40
and very strong radiation in the back side.

The third approach 1s to design an antenna consisting of a
combination of an electric dipole and a magnetic dipole,
commonly called a complementary antenna. It has been
shown that 1f two complementary radiating elements of equal 45
amplitude are combined properly in phase and orientation,
the resulting radiation pattern will be equal 1n the E and H
planes and the back lobe will be zero 1n strength, known as
“cardioid” pattern shape. This concept has been realized 1n
slot-and-dipole combinations where the slot 1s equivalenttoa s5¢
magnetic dipole 1n radiation, but the resulting designs are
either narrow 1n bandwidth or bulky in structure.

SUMMARY OF THE INVENTION

55
According to the invention there 1s provided a wideband

antenna comprising a planar dipole formed of two dipole
sections and a shorted patch antenna located between said
dipole sections, said dipole being spaced above a ground
plane. 60

In a preferred embodiment of the mvention the shorted
patch antenna comprises first and second parallel vertical
sections extending respectively from an edge of a respective
dipole section to the ground plane.

A feed probe 1s preferably located between the vertical 65
sections of the shorted patch antenna which feed probe may
take a number of possible forms. For example, 1n one embodi-

2

ment the feed probe comprises a first section extending ver-
tically with respect to the ground plane parallel and proximate
to the first vertical section of the shorted patch antenna, a
second section extending parallel to the ground plane, and a
third section extending towards the ground plane. In this
embodiment preferably the second section 1s spaced from the
ground plane by the same distance as the planar dipole sec-
tions. In this embodiment, preferably the third section
extends proximate and parallel to the second vertical section
of the shorted patch antenna or at a small angle thereto.

In an alternative embodiment the feed probe comprises a
coaxial feed extending from the ground plane substantially to
the spacing of the dipole sections from the ground plane, and
a probe comprising a portion extending parallel to the ground
plane and a portion extending towards the ground plane and
substantially perpendicular thereto.

In a further alternative embodiment the feed probe com-
prises a microstrip transmission line extending from the
ground plane substantially to the spacing of the dipole sec-
tions from the ground plane, and a probe comprising a portion
extending parallel to the ground plane and a portion extending
towards the ground plane and substantially perpendicular
thereto.

In a still further alternative embodiment the feed probe
comprises a first section extending perpendicularly to the
ground plane and parallel to the first vertical section, and a
second section extending parallel to the ground plane, the
second section having a T-shape.

In another possible embodiment, the feed probe comprises
a first section extending perpendicularly to the ground plane
and parallel to the first vertical section, a second section
extending parallel to the ground plane, and two vertical sec-
tions extending from the second section towards the ground
plane.

The dipole sections may take a number of different shapes,
for example they may be rectangular, polygonal, triangular or
semi-circular.

To reduce the size of the antenna and 1n particular to reduce
the spacing of the dipole sections from the ground plane,
dielectric material may be provided 1n a space defined by the
shorted patch antenna.

Preferably the dipole sections are planar and parallel to the
ground plane. To reduce the size of the antenna however at
least a portion of each said dipole section 1s angled relative to
said ground plane and preferably the whole dipole section 1s
planar but angled towards the ground plane. Alternatively
cach dipole section may comprise a portion parallel to the
ground plane and a portion perpendicular to the ground plane.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the invention will now be described
by way of example and with reference to the accompanying
drawings, 1n which:

FIGS. 1(a) and (b) are (a) perspective and () side views of

one example of an antenna according to an embodiment of the
invention,

FIGS. 2(a) and (b) show (a) measured and simulated SWR
against frequency and (b) measured and simulated gain
against frequency for the antenna of FIG. 1,

FIGS. 3(a)-(c) show measured radiation patterns for one
example of an embodiment of the invention at (a) 1.75 GHz,

(b) 2.5 GHz and (¢) 3.0 GHz,

FIGS. 4(a) and (b) show side views of example alternative
possibilities for a feed comprising either (a) a coaxial feed or
(b) a microstrip line feed,
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FIGS. 5(a)-(c) show top and side views of example
embodiments of the invention with (a) a T-shaped coupling
teed, (b) a capacitive coupling feed, and (¢) an F-shaped
coupling feed,

FIG. 6 shows top and side views of an example embodi-
ment of the mvention with an electrically loaded T-shaped
coupling feed,

FIGS. 7(a)-(d) show top views of example alternative
shapes for the dipole,

FIGS. 8(a) and (b) show side views of example alternative
profiles for the dipole,

FIGS. 9(a)-(¢) show side views of example alternative
methods for constructing the antenna,

FIGS. 10(a)-(e) show side views of example alternative
shapes for the vertical sections of the shorted patch antenna,

FIG. 11 shows a top view of one example of an embodi-
ment of the mvention in the form of a dual polarization
antenna, and

FIG. 12 shows a top view of one example of an alternative
configuration of a dual polarization antenna.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring firstly to FIG. 1 there 1s shown one example of a
complementary wideband antenna according to an embodi-
ment of the invention with FIG. 1 (a) being a perspective view
and FIG. 1(b) a side view. In the embodiment of FIG. 1 the
antenna comprises a horizontal rectangular planar dipole
tormed by dipole sections 1a and 15 connected to the open
end of a vertically-oriented shorted patch antenna comprising

P g
9.5
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and (b) uses a I'-shaped probe feed 4 comprising a vertical
first portion 4a, a horizontal second portion 45, and a third
portion 4¢ Tormed by folding a straight metallic strip of rect-
angular cross-section 1nto the desired I' shape. Vertical first
portion 4a has one end connected to a coaxial launcher 5
mounted below the ground plane 3. This portion acts as an air
microstrip transmission line which transmits an electrical
signal from the coaxial launcher 5 to the second portion 45 of
the feed 4. Vertical portion 4a 1s parallel to the vertical portion
2a of the patch antenna and spaced therefrom by a small
amount ¢ such as approximately 0.008A. The second portion
4b 1s horizontally located and serves to couple the electrical
energy to the planar dipole and the shorted patch antenna. The
input resistance of the antenna 1s controlled by the length p of
this second portion so the length of the second portion 45 has
to be selected accordingly. Typically p may be approximately
0.07A. The second portion 45 itself acts as an inductive reac-
tance which can cause the antenna to be mismatched, but the
third portion 4¢ 1n combination with patch antenna vertical
portion 26 forms an open circuit transmission line with the
equivalent circuit of this line being a capacitor. By selecting
the appropriate length q for the third portion 4¢ (eg approxi-
mately 0.18A) the capacitive reactance can be used to com-
pensate for the inductive reactance caused by the second
portion 4b. The third portion 1s preferably parallel to vertical
patch antenna portion 25, but may be angled thereto slightly
as shown 1n FIG. 1(b) where third portion 4¢ 1s at an angle O
to the vertical.

Typical dimensions (1n mm and as wavelength fractions)
tor the antenna structure of FI1G. 1 are given below 1n the event
ol an operating center frequency of 2.5 GHz.

c d H G, Gyp L S W 6
1 4911 30 120 120 30 17 60 0
0.07 0.18% 0.008% 0.04A 0250 & A 0.25h  0.14h  0.5h

vertical sections 2a, 26 and horizontal section 2¢. A ground
plane 3 1s located beneath the antenna for back lobe reduction.
In the embodiment of FIG. 1 the horizontal section 2¢ of the
shorted patch antenna 1s an integral part of the ground plane 3
located between the vertical sections 2a, 25 but the section 2¢
could be an 1individual connecting section separate from the
ground plane (see FIG. 9 below for examples). The function
ol the horizontal section 2c¢ 1s to connect the vertical sections
2a, 2b so that they are electrically short-circuited. Vertical
sections 2a, 2b are generally parallel to each other but the
skilled person will understand that they may be slightly non-
parallel, 1e sloping towards or away from each other by a few
degrees.

Each dipole section 1a, 15 1s a rectangle having a width W
and a length L. The width W 1s approximately equal to 0.5A
(where A 15 the intended operating wavelength ) and the length
L 1s approximately equal to 0.235A. The spacing of the dipole
sections 1a, 16 and the height H of the shorted patch antenna
1s also approximately 0.25A. For wideband operation the
separation S of the vertical sections 2a, 25 of the shorted patch
antenna 1s approximately 0.1A. The size of the back plane can
be adjusted for low back radiation, but a typical size G;;xG;,
1s 1Ax1A. The dipole sections 1a, 15 and the patch antenna
may be formed of a suitable conducting material such as
copper plate.

The antenna as described above may be excited in anumber
of different ways. The excitation method shown 1n FIGS. 1(a)
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FIGS. 2(a) and (b) show (a) the standing wave ratio (SWR)
and (b) gain as a function of frequency for the antenna of FIG.
1. Both FIGS. 2(a) and (b) show both measured and simulated
results which show good agreement. It can be seem from
FIGS. 2(a) and (/) that the antenna has a wide impedance
bandwidth of 52% (with SWRless than 2 from 1.75 GHzt0 3.0
(GHz) and an average gain o1 8 dB1 varying from 7.5 dB1to 8.2
dB1 which 1s quite a small variation.

FIGS. 3(a)-(¢) show measured radiation patterns at respec-
tively 1.75 GHz, 2.5 GHz and 3.0 GHz. In both the E and H
planes the broadside radiation patterns are stable and sym-
metrical. At the frequency of 2.5 GHz, the H-plane beam
width 1s 79° which 1s slightly higher than the E-plane beam
width of 75°. Low cross polarization and low back radiation
are observed across the entire operating bandwidth.

The feed for the antenna may take a number of different
forms 1n addition to the I'-shaped probe shown in FIG. 1. FIG.
4(a) shows a first possibility 1n which the first portion 4a of
the probe of FIG. 1 1s removed and the second portion 1s
instead connected directly to the center conductor of a coaxial
cable 6 which may be located 1nside or outside of the vertical
wall 2a of the patch antenna. In FIG. 4(a) the coaxial cable 6
1s located outside of the vertical wall 2a. Instead of using
coaxial cable 6, other forms of transmission lines may be used
such as a microstrip line 7 as shown 1n FIG. 4(b).

In both embodiments FIGS. 4(a) and () the feed probe

becomes an L-shaped probe formed by the second and third
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portions of the probe shown in FIG. 1. Other possibilities
include replacing the second and third portions 456, 4¢ of the
teed probe shown 1n FIG. 1 with a T-shaped structure 8 as
shown 1n FIG. 5(a), a capacitive structure 9 as shown 1n FIG.
5(b) or an F-shaped structure 10 as shown 1n FIG. 5(c¢). The
height of the antenna may be reduced by loading the antenna
with dielectric materials between the vertical portions of the
patch antenna as shown in FIG. 6. Other design possibilities
for optimizing performance of the antenna for particular cir-
cumstances mnclude using ditlerent shapes for the dipole sec-
tions as are shown 1n FIG. 7. The dipole sections could, for
example, be (a) rectangular, (b) semi-circular, (¢) triangular

or (d) polygonal.

The size of the antenna may also be reduced by folding the
dipole sections as shown 1n FIGS. 8(a) and (b). In FIG. 8(a)
instead of being parallel to the ground plane, as 1n FI1G. 1, the
dipole sections are angled towards the ground plane by an
angle a. In FIG. 8(b) the dipole sections are folded so that
they comprise a horizontal section parallel to the ground
plane, and a vertical section perpendicular to the ground
plane. It will be understood that FIGS. 8(a) and (5) may be
combined so that the dipole sections still include a clear fold,
but either the “parallel” or “perpendicular” dipole sections
may be angled to the vertical or horizontal.

The antenna can be constructed 1n a number of different
ways as shown 1n FIGS. 9(a)-(¢). For example the antenna
may be integrally formed as shown in FIG. 9(a) with the
dipole sections 1a, 1b, vertical sections 2a, 2b, horizontal
section 2¢ and the ground plane 3 all being formed as an
integral whole. An alternative possibility 1s shown 1n FIG.
9(b) where one dipole section 1a and one vertical section 2a
are formed integrally, the other dipole section 15 and the other
vertical section 26 are also formed integrally, and then the
integral dipole section/vertical sections are secured to the
ground plane by screws 20 or other fixing mechanism. FIG.
9(c) shows a further possibility 1n which the dipole sections
1a, 15, vertical sections 2a, 26 and horizontal section 2¢ are
all formed integrally and are fixed to the ground plane 3 by
screw 20 or other fastening means.

FIGS. 10(a)-(e) show various possible shapes for the ver-
tical sections 2qa, 2b. In F1G. 10(a) the vertical sections 2a, 25
are rectangular and are the sane width as the dipole sections
1a, 156. In FIG. 10(d) the vertical sections 2a, 2b are rectan-
gular but slightly narrower 1n width than the dipole sections
1a, 16. In FIG. 10(c) the vertical sections are trapezoidal and
taper from the width of the dipole sections 1a, 15 where they
contact the dipole sections 1a, 15 to a narrower width at the
ground plane. In FIG. 10{(d) the vertical sections 2a, 2b are
trapezoidal and taper from a width at the ground plane equal
to the width of the dipole sections, to a narrower width at the
dipole sections. Finally, in FIG. 10(e) the vertical sections are
again trapezoidal with a width at the dipole sections equal to
the width of the dipole sections, and a greater width at the
ground plane.

For use in applications requiring dual-polarization, an
array of antennas according to embodiments of the invention
may be provided. FIG. 11 1s a plan view showing a particu-
larly convenient structure in which four antenna are provided
arranged 1nto a square and with each being formed with
triangular dipole sections 10 and a feed 11. The structure of
FIG. 11 using triangular dipole sections 1s particularly com-
pact, but an alternative possibility 1s shown 1 FIG. 12 in
which an array of four antennas 1s provided also arranged in
a square, but with each antenna being formed on two square
dipole sections 12 with a feed 13. It will be understood that
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6

other arrays may be provided using different numbers of
antennas, different types of antenna and in different configu-
rations.

At least 1n its preferred forms an antenna according to
embodiments of the present invention has excellent electrical
parameters such as low back radiation, low cross polarization,
a symmetrical radiation pattern, and 1s stable in gain and
radiation pattern shape over the frequency bandwidth. In
particular the low back radiation characteristic makes 1t
highly attractive for the development of various kinds of
indoor and outdoor base station antennas for modern cellular
communication systems since the potential interference
between different cells operating at the same frequency can
be reduced. The antenna 1s simple 1n structure and therefore
low 1n manufacturing costs. The antenna can also be used as
a basic element 1n the design of low cost high performance
antenna arrays with different gain and beam widths.

It will be understood that 1in this specification and the
following claims the terms “vertical” and “horizontal” are
used for convenience and clarity of description and assume
that the ground plane occupies a horizontal plane. The use of
these and similar terms should not be taken as implying any
limitation on the orientation of the antenna.

While several aspects of the present invention have been
described and depicted herein, alternative aspects may be
elfected by those skilled in the art to accomplish the same
objectives. Accordingly, 1t 1s intended by the appended claims
to cover all such alternative aspects as fall within the true
spirit and scope of the mvention.

The mvention claimed 1s:

1. A wideband antenna comprising;:

a planar dipole formed of two dipole sections and a shorted
patch antenna element located between said dipole sec-
tions, said dipole sections being spaced a distance above
a ground plane, wherein said shorted patch antenna ele-
ment comprises first and second parallel vertical sec-
tions extending respectively from an edge of a respective
dipole section to said ground plane, and a feed probe
located between said vertical sections of said shorted
patch antenna element.

2. An antenna as claimed 1n claim 1 wherein said vertical

sections are rectangular.

3. An antenna as claimed 1n claim 2 wherein said rectan-
gular vertical sections have a width equal to a width of said
respective dipole sections.

4. An antenna as claimed 1n claim 2 wherein said rectan-
gular vertical sections have a width less than a width of said
respective dipole sections.

5. An antenna as claimed 1n claim 2 wherein said vertical
sections are trapezoidal.

6. An antenna as claimed 1n claim 5 wherein said trapezoi-
dal vertical sections have one side with a width equal to a
width of said respective dipole sections.

7. An antenna as claimed in claim 1 wherein said feed probe
comprises a first section extending vertically with respect to
the ground plane parallel and proximate to said first vertical
section of said shorted patch antenna, a second section
extending parallel to said ground plane, and a third section
extending towards said ground plane.

8. An antenna as claimed 1n claim 7 wherein said second
section of said feed probe 1s spaced from said ground plane by
the same distance as said dipole sections.

9. An antenna as claimed in claim 7 wherein said third
section extends proximate and parallel to the second vertical
section of the shorted patch antenna or at a small angle
thereto.
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10. An antenna as claimed 1n claim 1 wherein said feed
probe comprises a coaxial feed extending from the ground

plane substantially to the spacing of said dipole sections from
said ground plane, and a probe comprising a portion extend-
ing parallel to said ground plane and a portion extending
towards said ground plane and substantially perpendicular
thereto.

11. An antenna as claimed 1n claim 1 wherein said feed
probe comprises a microstrip transmission line extending
from the ground plane substantially to the spacing of said
dipole sections from said ground plane, and a probe compris-
ing a portion extending parallel to said ground plane and a
portion extending towards said ground plane and substan-
tially perpendicular thereto.

12. An antenna as claimed in claim 1 wherein said feed
probe comprises a first section extending perpendicularly to
said ground plane and parallel to said first vertical section of
said shorted patch antenna, and a second section extending
parallel to said ground plane, said second section having a
T-shape.

13. An antenna as claimed 1n claim 1 wherein said feed
probe comprises a first section extending perpendicularly to
said ground plane and parallel to said first vertical section of

10

15

8

said shorted patch antenna, a second section extending par-
allel to said ground plane, and two vertical sections extending
from said second section towards said ground plane.

14. An antenna as claimed in claim 1 wherein said dipole
sections are rectangular.

15. An antenna as claimed in claim 1 wherein said dipole
sections are polygonal.

16. An antenna as claimed in claim 1 wherein said dipole
sections are triangular.

17. An antenna as claimed in claim 1 wherein said dipole
sections are semi-circular.

18. An antenna as claimed 1n claim 1 further comprising
dielectric material disposed 1n a space defined by said shorted
patch antenna.

19. An antenna as claimed in claim 1 wherein said dipole
sections are parallel to said ground plane.

20. An antenna as claimed 1n claim 1 wherein at least a
portion of each of said dipole sections 1s angled relative to
said ground plane.

21. An antenna as claimed in claim 1 wherein each of said
dipole sections comprises a portion parallel to said ground
plane and a portion perpendicular to said ground plane.

G o e = x
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